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I ,  INTRODUCTION 
The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  awarded NASA Gran t  NGR 
44-011-026 e n t i t l e d  "Performance Improvement A n a l y s i s  f o r  t h e  Apol lo  U n i f i e d  
S-Band System" t o  Texas Tech U n i v e r s i t y  on September 1, 1968. NASA prov ided  
t h e  amount o f  $27,021, w h i l e  Tech was t o  p r o v i d e  c o s t  s h a r i n g  i n  t h e  amount o f  
$4,697. The p r i n c i p a l  i n v e s t i g a t o r  was D r .  R. D. S h e l t o n .  On October  1, 1969,  
a supplement t o  t h e  g r a n t  was r e c e i v e d .  NASA f u n d s  f o r  t h e  supplement were  t o  
b e  $22,954, and Tech was t o  p r o v i d e  $8,036 of c o s t  s h a r i n g  funds .  
The o b j e c t i v e  of t h e  g r a n t  was t o  deve lop  communications sys tem a n a l y s i s  
t e c h n i q u e s  t o  b e  used  by t h e  Communications Systems A n a l y s i s  Branch a t  t h e  
NASA Manned S p a c e c r a f t  Cen te r .  I n  o r d e r  t o  p r o v i d e  c l o s e  c o o r d i n a t i o n ,  monthly 
p r o g r e s s  r e p o r t s  were  r e q u e s t e d .  I n  a d d i t i o n  four .MS r e p o r t s ,  two Ph.D. d i s s e r t a t i o n s ,  
s e v e n  t e c h n i c a l  p a p e r s  ( i n c l u d i n g  two p u b l i s h e d  i n  r e f e r e e d  j o u r n a l s ) ,  and seven  
major  g r a n t e e  r e p o r t s  have been produced t o  d a t e .  The p r i n c i p a l  purpose  o f  t h i s  
r e p o r t  i s  t o  show how each of t h e s e  documents h a s  c o n t r i b u t e d  t o  t h e  g r a n t  
o b j e c t i v e .  T h i s  r e p o r t  i s  a  m o d i f i c a t i o n  of t h e  SEbII-ANNUAL PROGRESS REPORT 
d a t e d  June  30,  1970,  which was cumula t ive ,  i n c l u d i n g  p r o g r e s s  from September,  1968  
t o  June ,  1970. S i n c e  t h e  a d d i t i o n a l  p e r i o d  covered by t h i s  r e p o r t  is  o n l y  two 
months,  t h e  m o d i f i c a t i o n s  a r e  n o t  e x t e n s i v e .  
11. REVIEW OF PROGRESS 
Tables  I ,  11, and I11 summarize t h e  v a r i o u s  p u b l i c a t i o n s  by type .  I n  t h e  
t e x t  however t h e y  w i l l  be  d i s c u s s e d  by s u b j e c t :  
1, Techniques for Computer Simulation of Communications Systems 
2, Development of Computer Aided Analys i s  Techniques  
3.  Methods of Phase  Lock Loop Performance Improvement 
4.  Angle Modulation D i s t o r t i o n  A n a l y s i s  Techniques 
5. New Methods of S i g n a l  Parameter  E s t i m a t i o n  
TABLE T 
M.S. REPORTS AND PH.D, DESERTATIONS 
T i t l e  Author Date 
-
1. Digi ta l  Simulations of J. L. Mathis May 1969 
F i l t e r s  and Phase Lock 
Loop Demodulators 
2. Dig i ta l  Simulations of R ,  A, Newkirk May 1969 
Optimum F i l t e r s  and 
Predic tors  
3. Computer Modeling of M. J. Ryan December 1969 
Linear Integrated 
Ci rcu i t  Operational 
Amplifiers 
4. Dig i ta l  Simulation of 
Phase Modulation 
Dis tor t  ion 
5. .hi Invest igat ion of 
Bigh Order Phase Lock 
Systems 
6. Signal Parameter Estima- 
t i o n  by t h e  Method of 
Moment s 
7. Effects of I F  F i l t e r  
Character is t ics  on Angle 
Modulation Dis tor t ion 
J. M. H a l l  
A. F. Adkins 
F. S. Yeatts 
May 1970 
June 1970 










T i t l e  Authors Date 
December 1969 
Presented t o  
A Computer Aided Design 
System f o r  t h e  Design of 
F i l t e r s  
A. F. Adkins, 
R.  D. Shelton, 
and C. T. Dawson 
Asilangr Conference on C i r -  
c u i t s  and Systems 
Pbase Lock Loop 
Perf ormanc e improvement 
T. J. Jones, 
and R. D. Shelton 
Apri l  1970 
Apri l  1970 
National Telemetering 
Conference 
Computer Aided Design of 
Pbase Lock Loops 
A. F. Adkins, 
R.  D. Shelton, 
and C .  T. Dawson 
Houston Conf erenee on Cir- 
c u i t  s , Systems, and CompslLers 
Error Rate Minimization 
fo r  Improved Phase-Locked 
Loop Damping Character is t ics  
T. J. Jones Apri l  1970 Southwestern IEEE Conference 
Electronics Le t te r s  ( ~ o m n a l )  Change of Error Cr i t e r ion  
i n  Mean Square Optimization 
R. D. Shelton, 
and T. J. Jones 
Apri l  1970 
Noise Bandwidth of Common 
F i l t e r s  
R .  D. Shelton, 
and A. F. Adkins 
To be published 
i n  F a l l  1970 
IEEE Transactions on G o m i -  
cat ions  Technology ( ~ o u r n a l  ) 
Signal Parameter Estimation 
by t h e  Method of Moments 
R .  D. Shelton, 
and F. S. Yeatts 
December 1970 National Electronics 
Conference 
Effect  of IF F i l t e r  Char- 
a c t e r i s t i c s  on Angle Mod- 
u la t ion  Dis tor t ion 
R. D. Shelton, 
0.  E. Williams, 
and J. M. Hall  
December 1970 National Electronics 
Conference 
Development of Large Scale 
Computer Programs a s  a 
Student Pro j e c t  
R. D. Shelton 
and A. F. Nee1 
January 1971 Purdue 1971 Symposium 
and IEEE Transactions 
-
on Engineering Education 




A, F. Adkins 
Date 
-
Apri l  1969 
Pages 
37 1. CPSD-1 Phaselock Loop 
Analysis Prototype 
2. Renewal Proposal 
NGR 44-011-026 
R. D. Shelton June 1969 
3. CPSD-2 E l e c t r i c a l  F i l t e r  
Synthesis Prototype 
A. F. Adkins 
4. FASP Users Manual R.  D. Shelton, 
5. FASP Systems Manual R.  D. Shelton, 
and H. S t i eg l e r  
6. CPSD-3 E l e c t r i c a l  
F i l t e r  Synthesis 
A. F. Adkins, 
and D. M. Green 
1. Semi Annual Progress 
Report NGR 44-011-026 
R. D. Shelton 
8. An FM/FM Distor t ion Problem 
Due t o  Insuf f ic ien t  Predetection 
Bandwidth 
0. E. W i l l i a m s ,  
and R.  D. Shelton 
August 1969 
Digi ta l  computer simulation i s  a technique which can save a g rea t  deal  
of time and expense i n  design and analys is  of communication systems. The 
simulation languages l i k e  CSNP, used on t h e  l a rge r  IBM 360 computers, a r e  
pa r t i cu l a r l y  convenient. However, FORTRAN provides even g rea te r  f l e x i b i l i t y  
a t  t h e  expense of s l i g h t l y  g rea te r  program design time. 
The M. S. r epo r t ,  "Digi ta l  Simulations of F i l t e r s  and Phase Lock Loop 
Demodulators," demonstrates t he  procedures by which CSl4P may be used t o  t e s t  
t he  performance of t h e  most c r i t i c a l  por t ion of a communication system - t h e  
demodulators. Baseband simulations were shown t o  provide t e s t  da t a  f o r  
demodulators i n  a very reasonable computer run time. While they were not 
included i n  t h e  r epo r t ,  c a r r i e r  simulations requir ing much grea te r  run times 
were used t o  va l i da t e  t h e  baseband simulations. The g r ea t l y  increased run 
time requirements f o r  c a r r i e r  models was found t o  be a general  cha r ac t e r i s t i c .  
It r e s u l t s  from t h e  requirement t o  have s t ep  increments t h a t  a r e  small com- 
pared t o  t h e  (very sho r t )  c a r r i e r  period and run times t h a t  a r e  long com- 
pared t o  t h e  (very long)  modulation s igna l  period.  This cha r ac t e r i s t i c  was 
found t o  severely l i m i t  t h e  s i z e  of t h e  communication system t h a t  can be 
simulated with a c a r r i e r  model. The M. S. r epo r t ,  "Digital  Simulations of 
Optimum F i l t e r s  and Predic tors ,"  c a r r i e s  t h i s  development of communication 
simulation techniques fu r the r  by analyzing t h e  ul t imate  l i m i t s  of s ignal  t o  
noise r a t i o  t h a t  can be obtained by r ea l i z ab l e  devices. The t echn ica l  paper, 
"Effect of IF F i l t e r  Character is t ics  on Angle Modulation Distort ion" includes 
simulations done tr i th both CSMP and FORTRAN t o  demonstrate how each technique 
may be used. Lis t ings  of t h e  F O R T W  progra,m were sent  t o  t h e  Manned Space- 
c r a f t  Center t o  be used i n  in-house d i s t o r t i on  calcula t ions .  Upon request  from 
NASA, a spec ia l  study of a system under design a t  MSC was made and repor ted i n  
"An FM/FM Distor t  ion Problem Due t o  Insuf f ic ien t  Predetection Bandwidth. " 
The Communications Systems Ana,lysis Branch of t h e  Manned Spacecraft 
Center has developed a Computer Aided Analysis system primari ly f o r  calcu- 
l a t i o n  of o v e r a l l  communications performance of t h e  space communication system 
f o r  Apollo and other  advanced missions. However, t h e  existence of t h i s  l a r g e  
s e t  of hardware and software permits t h e  development of add i t iona l  user- 
o r i en ted  computer aided ana lys i s  programs with a very nominal amount of e f f o r t .  
In  con t ras t  t o  t h e  main CAA programs, these  programs can be  used t o  design and 
analyze a s i n g l e  block of a system and g r e a t l y  extend t h e  v e r s a t i l i t y  of t h e  
CAA system. 
Texas Tech has designed ~ I T O  programs on a flow char t  l e v e l  and sent  t h e  
designs t o  t h e  Manned Spacecraft Center i n  t + ~ o  computer program spec i f i ca t ions  
documents: CPSD-1 "Phaselock Loop Analysis Prototype" and CPSD-2 " ~ l e c t r i c a l  
F i l t e r  Synthesis Prototype." The programs were then coded and in tegra ted  i n t o  
t h e  CAA system by Lockheed programmers at  NASA.% Results  of t e s t  of t h e s e  com- 
puter  aided ana lys i s  programs were presented t o  t h e  t echn ica l  publ ic  i n  t h e  
papers, "A Computer Aided Design System f o r  t h e  Design of F i l t e r s "  and "Com- 
puter  Aided Design of Phase Lock Loops". A t h i r d  spec i f i ca t ion  document,CPSD-3 
" E l e c t r i c a l  F i l t e r  synthesis ,"  t o  be del ivered i n  Ju ly ,  w i l l  add h a r d ~ ~ a r e  design 
capab i l i ty  t o  t h e  f i l t e r  program previously implemented. This network synthes is  
program employs t h e  l a t e s t  techniques of a c t i v e  network synthes is  using in te -  
gra ted  c i r c u i t  operat ional  ampl i f iers  i n  low s e n s i t i v i t y  configurat ions.  As a 
preliminary t o  t h i s  design an inves t iga t ion  was made i n t o  t h e  e f f e c t  of f r e -  
quency l i m i t a t i o n s  of these  opera t ional  ampl i f iers  on t h e  c h a r a c t e r i s t i c s  of 
t h e  f in i shed  f i l t e r s ,  This inves t iga t ion  resu l t ed  i n  t h e  Ma S. r e p o r t ,  "Computer 
*Computer Program Documentation, "Phaselock Loop Analysis Prototype Program," 
(program ~ 0 3 8 )  by E. N. Kess , Lockheed Elect ronics  Company. 
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Modeling of Linear In tegrated Circuit  Operational Amplifiers" which develops 
rules-of-thumb f o r  t h e  se lec t ion  of operat ional  ampl i f iers  so t ha t  t h e i r  
i n t e rna l  reactances do not i n t e r f e r e  with n e t ~ ~ o r k  esponse f o r  t h e  synthesised 
f i l t e r s .  
The production of these  computer aided analys is  programs resu l ted  i n  
t h e  development of some useful  techniques f o r  frequency analys is  of systems 
on t h e  block diagram leve l .  Since t he  programs i n  t h e i r  o r i g ina l  form were 
c losely  t i e d  t o  t he  CAA system, it was decided t o  convert them i n t o  a form 
t h a t  would be more widely avai lable  t o  o ther  NASA centers  and t o  t h e  t echn ica l  
public.  The r e s u l t  i s  a user-oriented program ca l l ed  FASP ( ~ r e ~ u e n c y  Analysis 
of Systems Program.) FASP was designed t o  be  a s  machine independent as 
poss ible  by t h e  use of American National Standards I n s t i t u t e  FORTRAN and avoid- 
ance of c e r t a i n  statements t h a t  a r e  machine dependent. Also t h e  s i z e  of t h e  
FASP system can e a s i l y  be scaled t o  match t h e  memory of any pa r t i cu l a r  computer. 
The FASP input language i s  comparable t o  those  of other user-oriented programs 
l i k e  ECAP or  CSI@ i n  t h a t  it does not requ i re  t h e  user t o  be famil iar  with 
computer programming i n  order t o  use FASP. Basical ly  FASP allows a system t o  
be ea s i l y  speci f ied  on a block diagram or  s igna l  flow graph l e v e l  and w i l l  t hen  
provide between any two requested points  i n  t h e  system: 1) t h e  t r a n s f e r  func- 
t i o n ;  2 )  Bode, Nyquist, and Nichols p lo t s ;  3 )  roo t  locus p lo t s  a s  any system 
parameter i s  var ied;  and 4 )  impulse, s t ep ,  and ramp time responses. In  i t s  
present form (FASP-zero) t h e  system has a l l  t h e  output c apab i l i t i e s  l i s t e d  
except t h e  time responses and i s  being t e s t e d  on an IBM 360/50 and a CDC 1604 
a t  Tech and on a Univac 1108 a t  NASA. Draft vers ions  of t he  FASP Users Manual 
and FASP Systems Manual a r e  a l s o  being checked, Tn t h e  f a l l  it i s  planned t o  
make an improved vers ion,  FASP-I, ava i l ab le  t o  t h e  technical  public through 
t h e  NASA Technology U t i l i z a t i on  Program. 
3 ,  Methods of Phase Lock Loop Performance Improvement 
Phase Pock loops a r e  non-linear feedback c i r c u i t s  t h a t  a r e  widely used 
i n  space cormnunications systems f o r  demodulation and c a r r i e r  t racking.  While 
they a r e  r e l a t i v e l y  d i f f i c u l t  t o  design and analyze, they a r e  almost invar iably  
used i n  modern high performance systems because they allow t h e  systems t o  oper- 
ate over g r e a t e r  d is tances  than conventional components. Most of t h e  phase 
lock loops previously used a r e  second order ,  t h a t  i s  t h e  d i f f e r e n t i a l  equation 
descr ib ing t h e i r  dynamics i s  second order.  For c r i t i c a l  app l i ca t ions ,  such as 
t rack ing  of an accelera t ion inpu t ,  higher order systems a r e  known t o  y i e l d  supe- 
r i o r  performance. However t h e s e  loops a r e  usua l ly  avoided a s  they a r e  very d i f -  
f i c u l t  t o  design f o r  s t a b l e  operat ion.  
The computer aided ana lys i s  program described i n  CPSD-1 "Phase Lock Loop 
Analysis Prototype" and "Computer Aided Design of Phase Lock ~ o o p s "  makes it 
poss ib le  t o  design these  higher order loops i n  a much more convenient manner. 
Only a very shor t  time i s  required  t o  speci fy  a loop design and obta in  i t s  per- 
formance data .  I t e r a t i o n s  of t h i s  procedure can produce a design i n  a few 
minutes t h a t  would t a k e  many hours without t h e  computer system. With t h i s  a s  
motivation, a study was made of some of t h e  p rec i se  advantages t h a t  t h i r d ,  four th ,  
and higher order loops have over second order loops. These r e s u l t s  and design 
procedures leading t o  s t a b l e  loops a r e  presented i n  t h e  Ph.D. d i s s e r t a t i o n  "An 
Inves t igat ion of High Order Phase Lock Systems." 
A second inves t iga t ion  i n t o  techniques f o r  improvement of phase lock loop 
performance d e a l t  with mean square optimization by use  of d i f f e r e n t  e r r o r  c r i t e r t a  
than a r e  commonly used. Previous s tud ies  have used minimization of t h e  phase 
e r r o r  i n  t h e  loop as  t h e  main c r i t e r i o n  of opt imal i ty .  For pha,se lock loops 
used a s  frequency demodulators it i s  i n t e r e s t i n g  t o  consider minimization of 
both phase and frequency e r r o r s .  The r e s u l t s  of t h i s  study were presented i n  
t h e  papers "Error Rate Minimization f o r  Improved Phase-Locked Loop Damping 
8 
Chara,cteristics" where e r r o r  r a t e  rninimiza.tion was considered, and '"base Lock 
Loop Performance Improvement" where t h e  sum of e r r o r  and e r r o r  r a t e  was minimized 
a s  t h e  c r i t e r i o n  of opt imal i ty ,  These s tud ies  l e d  t o  some general  theorems 
deal ing with t h e  changes t h a t  occur i n  t h e  optimurn system when t h e  e r r o r  c r i t e -  
r i o n  and t e s t  inputs  a r e  changed. These r e s u l t s  were published i n  t h e  t echn ica l  
paper "Change of Error Cr i t e r ion  i n  Mean Square Optimization." 
4. Angle Modulation Dis to r t ion  Analysis Techniques 
The problem of determining t h e  d i s t o r t i o n  produced when an angle modulated 
s igna l  i s  passed through a  non-ideal f i l t e r  (such a s  a  receiver  IF  f i l t e r )  has 
long occupied t h e  a t t e n t i o n  of some of t h e  most d is t inguished researchers  i n  
e l e c t r i c a l  engineering. The i n t e r e s t  comes because t h e  problem i s  both impor- 
t a n t  and d i f f i c u l t .  It i s  important t o  be ab le  t o  p red ic t  t h e  d i s t o r t i o n  
produced i n  a  f i l t e r e d  phase o r  frequency modulated s igna l  because t h e  band- 
width of receiver  f i l t e r s  must be minimized i n  order t o  minimize t h e  noise 
output.  However, reducing t h e  bandwidth of f i l t e r s  inev i t ab ly  means t h a t  t h e  
f i l t e r  c h a r a c t e r i s t i c s  appear l e s s  l i k e  those  of an i d e a l  f i l t e r  i n  t h e  s i g n a l  
bandwidth. Thus t h e r e  i s  a  d e l i c a t e  compromise t o  be made i n  se lec t ion  of 
f i l t e r  type and bandwidth. The d i f f i c u l t y  of t h e  problem has prevented develop- 
ment of t h e  t h e o r e t i c a l  t o o l s  necessary t o  allow t h e  compromise t o  b e  e f f i c i e n t l y  
made. The ex i s t ing  theory  presents  t h e  d i s t o r t i o n  i n  an i n f i n i t e  s e r i e s  form 
which converges only f o r  r e l a t i v e l y  small modulation indexes, and worse, t h e  
s e r i e s  i s  so d i f f i c u l t  t o  evaluate t h a t  optimization s tud ies  of t h e  e f f e c t  of 
f i l t e r  type ,  order ,  and bandwidth a r e  unfeas ib le .  
Recently Bedrosian and Rice have Cieveloped a  nev s e r i e s  expansion which 
converges more s a t i s f a c t o r i l y ,  i s  v a l i d  f o r  l a r g e r  modulation indexes, and i s  
simple enough t o  p e r n i t  optimization s tud ies  i n  reasonable computer run t imes.  
The paper, "Effect of IF  F i l t e r  Character is t ics  on Angle Modulation Dis to r t ion , "  
presents  t h e  r e s u l t s  of such a study, Curves i n  Lhe paper permit q u a n t i t a t i v e  
t rade-offs  between bandtridth and d i s t o r t i o n  t o  be made f o r  a number of p r a c t i c a l  
f i l t e r s .  I n  addi t ion  comparisons between f i l t e r  types demonstrate quan t i t a t ive ly  
t h a t  l i n e a r  phase (exemplified by t h e  Bessel f i l t e r )  i s  f a r  rnore important i n  
reduction of d i s t o r t i o n  than amplitude f l a t n e s s  (as  exemplified by t h e  Butter- 
worth f i l t e r  . ) I n t e r e s t i n g l y ,  t h e  easily-implemented synchronously-tuned f i l t e r  
t u r n s  out  t o  be an a t t r a c t i v e  compromise. The M.S. r e p o r t ,  " ~ i g i t a l  Simulation of 
Phase Modulation s is tort ion" includes a simulation approach t o  d i s t o r t i o n  calcu- 
l a t i o n  which was used t o  v a l i d a t e  t h e  Bedrosian-Rice expansion r e s u l t s .  Another 
aspect  of t h e  problem i s  t h a t  a small change i n  IF f i l t e r  bandwidth can cause a 
l a r g e  change i n  output d i s t o r t i o n .  Thus i n  comparing d i f f e r e n t  f i l t e r s ,  it i s  
important t h a t  t h e  bandwidths be equivalent .  The most equi table  measure of band- 
width f o r  IF  f i l t e r s  i s  t h e  equivalent  noise  bandwidth s ince  t h i s  determines t h e  
t o t a l  noise  passed by t h e  f i l t e r  and thus  determines t h e  range a t  which threshold  
occurs. Equivalent noise bandwidths f o r  many of t h e  f i l t e r s  s tudied were not 
ava i l ab le  so t h a t  a f a i r l y  general  study was made and published i n  t h e  paper, 
"Noise Bandwidths of Common F i l t e r s .  " 
5. New Methods of Signal Parameter Estimation 
Measurement of such s igna l  parameters a s  amplitude, phase, and frequency 
can be based on t h e  s t a t i s t i c a l  theory of parameter est imation.  This procedure 
has t h e  advantage t h a t  new measurement techniques can be based on >re11 known 
s t a t i s t i c a l  methods, and t h e i r  performance can be compared t o  known optimum bounds. 
The method of maximum l ike l ihood  i s  known t o  produce optimum est imates i n  t h e  
sense of rninimwn variance of t h e  es t imates .  While t h i s  methcd i s  o f t en  d i f f i c u l t  
o r  impossible t o  apply, it i s  usual ly  poss ib le  t o  evaluate t h e  performa,nce bound 
o r  t h e  variance of t h e  es t imates .  
A second g e n e r a l  p rocedure ,  t h e  method of moments, i s  much s i m p l e r  t o  
a p p l y .  Thus a  g e n e r a l  s t u d y  of t h i s  method was made, r e s u l t i n g  i n  t h e  Ph ,D,  
d i s s e r t a t i o n ,  "S igna l  Paramete r  E s t i m a t i o n  by t h e  Method of Moments". The 
g e n e r a l  r e s u l t s  show t h a t  i n  many c a s e s  method of moments e s t i m a t o r s  can  
e a s i l y  be  implemented t h a t  have performances  n e a r  t h e  optimum, a t  l e a s t  f o r  
t h e  i n t e r e s t i n g  low s i g n a l - t o - n o i s e  r a t i o  c a s e .  The r e s u l t s  w i l l  b e  p r e s e n t e d  
t o  t h e  t e c h n i c a l  p u b l i c  i n  a paper  by t h e  same t i t l e .  
111. PROPOSED TASKS 
A r e p o r t  on t h e  l a b o r  expended on t h e  g r a n t  e f f o r t  i s  shown i n  TABLES I V  
and V.  It shou ld  b e  n o t e d  t h a t  a s u b s t a n t i a l  amount o f  p r o f e s s i o n a l  l e v e l  
l a b o r  was c o n t r i b u t e d  by g r a d u a t e  s t u d e n t s  who were s u p p o r t e d  by Texas Tech 
o r  t h e  A i r  Force .  
Name 
TABLE m 
PROFESSI0)JAL SALARY AND \[AGES DISTRIBUTION" 
Period 
Fract ion  of Time Supported by 
Texas Tech A i r  Force (AFIT) NASA 
Prof.  R .  D .  Shelton,  Ph.D. F a l l  68 - Spring 69 
Summer 69 
1 /4  
F a l l  69 - Spring 70 
Sumrner 70 
1 /4  
Prof T. J. Jones,  Sc.D. ~umner 69 
F a l l  69 - Summer 70 1 / 4  
Prof. A. F. Adkins, Ph,D. Spring 69 
k m e r  69 
F a l l  69 
Spring 70 
Maj. 0. E. Williams Jr. , M. S. Spring 69 - Sunmer 70 1 / 4  
Maj. F. S. Yeat ts ,  Ph.D. F a l l  68 - Spring 70 1 / 4  
Capt. J. L. Mathis, M.S. F a l l  68 1 / 4  
L t .  M. J. Ryan, M.S. Spring 69 - F a l l  69 
Mr. J. M. Ha l l ,  M.S. F a l l  68 - Spring 69 1/2 
h e r  69 
Mr. R .  A .  Newkirk, M.S. Summer 68 - F a l l  68 114  
%Degrees and r a n k  shown as  of Ju ly  1970. 
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R.  Nuss 
B. Abbott 
D. S t o t t s  
TABLE V 




Spring 70 - Summer 70 
Spring 70 
F a l l  68 - Spring 70 
Spring 69 - Spring 70 
Spring 70 
Spring 70 - Summer T O  
Spring 70 
Spring 70 
S m e r  70 
Frac t ion  of Time Worked 
1/2 
1 /2  
1 /2  
1 /2  
1 
1 /4  
114 
1 
1 / 4  
1 /4  
1 
